Previous work has determined that, regardless of baseline risk of death, for every 10 patients that acquire C. difficile in hospital, 1 patient will die. 3 Clostridium difficile is also associated with increased health care costs. 1, 2 One of the primary mechanisms by which C. difficile increases costs is by increasing the length of time patients spend in hospital. 4 Previous studies have found that hospitalacquired infection with C. difficile increases a patient's length of stay by one to three weeks. 2, [5] [6] [7] [8] However, these estimates are potentially biased. First, previous studies have not accounted for the time-varying nature of this infection. Hospitalacquired infection with C. difficile is a variable that is unknown at admission but occurs during the stay in hospital. 3, 9 Treating time-varying variables as fixed in time-to-event analyses leads to "timedependent bias" and may exaggerate the association between a risk factor and the time to the event of interest. Second, our previous work 3 has shown that the risk of hospital-acquired infection with C. difficile significantly increases as a patient's baseline risk of death increases; it is, therefore, important to account for risk of death at admission when investigating the association between hospital-acquired C. difficile and length of stay.
Because of the importance of an accurate estimate of the impact of C. difficile, we conducted a retrospective observational cohort study to determine the independent association between hospital-acquired infection with C. difficile and length of stay in hospital. We accounted for each patient's risk of death upon admission and the variable amount of time patients spent in hospital before acquiring C. difficile.
Methods

Study design
This was a retrospective observational study using The Ottawa Hospital Data Warehouse. The Ottawa Hospital is a tertiary-care teaching facility with two acute-care campuses containing 1100 beds. It is the largest adult referral centre for a population of 1.1 million people.
The Data Warehouse contains data from information systems at The Ottawa Hospital, including the patient registration system, the clinical data repository (containing laboratory, pharmacy and radiology information) and the discharge abstract database (containing demographic, diagnostic and procedural information). The study was approved by The Ottawa Hospital Research Ethics Board.
Eligibility criteria
We included admissions to hospital that occurred after July 1, 2002, for which discharges took place before Mar. 31, 2009. We excluded stays of less than 72 hours, since infection with C. difficile deemed to have been acquired in hospital requires a positive test for the organism more than 72 hours after admission. 10, 11 We also excluded admissions of patients younger than 15 years of age and patients admitted to an obstetric service, because the model we used to predict baseline risk in this study was not validated in these populations. 12 The unit of analysis was the stay in hospital.
We abstracted the following information from the admissions to hospital included in the study: age and sex of patient, dates of admission and discharge, admitting service, comorbidities (for assigning scores on the Charlson comorbidity index) and results of laboratory investigations. We also measured patients' use of the health care system in the year before admission by calculating the number of previous admissions to hospital, visits to the emergency department and total number of days spent as an inpatient at our hospital.
Determination of hospital-acquired C. difficile As per guidelines for the surveillance of C. difficile, 10, 11 patients were classified as having a hospital-acquired infection if a toxin assay from a sample of liquid stool taken at least 72 hours after admission returned a positive result. Tests with positive results that occurred within two months of a previous positive result were considered a relapse and were not counted.
To determine if C. difficile had been acquired in hospital, we applied text-searching techniques to electronic laboratory reports of assays for C. difficile toxins to identify positive tests. We then compared the date/time of the positive test with the date/time of the patient's admission to determine if the organism was acquired in hospital. We validated the results from this electronic algorithm by comparing them to the results of reports classified manually by infection-control staff; we determined that our algorithm had a sensitivity of 100%.
Outcome
The primary outcome was time to discharge from hospital. Observation of patient time was censored at death. 13 
Statistical analyses
We summarized characteristics of included admissions to hospital by C. difficile status. We calculated the baseline risk of death for each admission using a logistic regression model 12 validated in our hospital's population.
14 This model calculates a patient's risk of dying while in hospital using data available at admission. The model includes age, sex, comorbities, 15,16 acuity of admission, admitting service and severity of acute disease (summarized using the laboratorybased acute physiology score). 12 We described times to discharge from hospital by C. difficile status using Kaplan-Meier curves that accounted for the time-varying nature of C. difficile. We did so by rearranging our data in the "counting process format." 17 Data in this format use multiple records per admission to hospital to correspond with a change in status. A patient who acquires C. difficile would have two lines of data; the first corresponding to the time between admission and acquisition of C. difficile and the second corresponding to the time to discharge or death. Acquisition of C. difficile would always be censored in the first observation. Using this format, we tabulated the median times to discharge and the probabilities of remaining in hospital at 7 and 28 days (i.e., the 50th and 90th percentiles of length of stay). We calculated the crude median length of stay by C. difficile status. This analysis does not account for the timevarying nature of C. difficile.
To calculate the median times to discharge for patients with C. difficile, only the days between C. difficile acquisition and discharge are attributed to the group with C. difficile; the time from admission to C. difficile acquisition is attributed to the group that did acquire C. difficile in hospital. For admissions to hospital that did not ac quire C. difficile, all days between admission and discharge are counted. To control for the effect of baseline risk of death in these analyses, we stratified patients by deciles of risk.
Research
The unadjusted and adjusted associations between hospital-acquired C. difficile and time to discharge from hospital were estimated using Cox proportional hazards regression models. 18 Baseline risk of death, hospital-acquired C. difficile (specified as a time-varying covariable) 19 and the interaction between these two variables were the primary predictors in the model. We included the interaction term to account for effect modification by baseline risk of death. The model also included three covariables that influence risk of in-hospital mortality: the number of admissions to hospital in the previous year, the total number of days spent as an inpatient in the previous year and the year of admission to hospital. The number of visits to the emergency department in the previous year was excluded, as it was collinear with the number of admissions to hospital in the previous year. Because we modelled time to discharge, the hazard ratios (HRs) in the models represent the risk of being discharged associated with a particular factor. Thus, an HR of less than 1.00 suggests a decreased risk of discharge, which in turn implies an increased length of stay.
We used fractional polynomial functions to determine the best functional form for baseline risk of death. [20] [21] [22] Covariables were centred about their means to reduce the risk of multicollinearity. 23 We accounted for clustering of admissions of the same patient using a marginal approach with robust sandwich estimates for the covarince matrix. 24 To account for nonproportional hazards, we included interaction terms between log-time and hospital-acquired C. difficile and between log-time and the fractional polynomial terms for baseline risk of death. We eliminated nonsignificant terms from the model in a stepwise fashion, starting with the highest-order interactions, until all terms remaining in the model were significant at α = 0.05.
We used the Cox model to generate the timeto-discharge curve that would be expected for patients with hospital-acquired C. difficile, had they not acquired the organism. We used the actual covariable values of the patients with C. difficile -changing their hospital -acquired C. difficile statuses to "absent" -to generate the expected time to discharge. The difference between the observed and expected lengths of stay is the increase in length of stay attributed to hospital-acquired C. difficile.
Results
Cohort description
We included 136 877 admissions to hospital in our study (Table 1 ). About half of the patients admitted to hospital during the study period were female, and the mean age was 63.2 years. Twothirds of patients had at least one chronic disease (as shown by their scores on the Charlson comorbidity index). The median predicted baseline risk of death for all patients was 1.8% (interquartile range [IQR] 0.4%-7.6%). A substantial proportion of patients (34.6%) had stayed in our 14 †The LAPS measures the acuity of sickness at hospital admission as reflected by abnormal results in laboratory tests. Higher values mean greater acute sickness. 11 ‡Predicted baseline risk of death measures a patient's risk of dying while in hospital using data available at admission. Of hospital-acquired cases of C. difficile, 75.5% were identified on or after the 7th day spent in hospital. The median number of days from admission to detection of C. difficile was 12 (IQR 7-24). For patients with C. difficile who were discharged, the median number of days from detection of the organism to discharge was 16 (IQR 7-33) ( Table 2 ).
Time to discharge
The crude median length of stay was 34 days for patients who had C. difficile versus 8 days for those who did not ( Figure 1A) . Kaplan-Meier analyses, which accounted for the time-varying nature of C. difficile, showed that the median length of stay was longer for patients who had C. difficile than for those who did not (16 d v. 8 d) (Appendix 1, available at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .110543 /-/DC1, and Figure 1B ). As expected, the median lengths of stay for both groups increased with baseline risk of death. In 8 of the 10 deciles for risk of death, the median length of stay was longer for patients with C. difficile; differences ranged from 0 days in the lowest-risk decile to 16 days in the highest-risk decile ( Figure 1C ). Overall, patients with hospital-acquired C. difficile were more likely to remain in hospital at 7 and 28 days than those without infection (Appendix 1).
The results of the Cox model (Table 3) show that the log of baseline risk of death, hospitalacquired C. difficile and the interaction between these two variables were significant (Table 3) . Other variables retained in the model were year of admission, the number of admissions to our hospital in the previous year and the total number of days spent as an inpatient in our hospital in the previous year.
Hospital-acquired C. difficile invariably decreased the hazard of discharge (i.e., increased the length of stay in hospital) with increasing baseline risk of death (Figure 2) . On day 7, the HR measuring the association be tween C. diffi- cile acquisition and discharge for patients in the lowest decile of baseline risk of death was 0.55 (95% CI 0.39-0.70), whereas the HR for the highest decile was 0.45 (95% CI 0.32-0.58); on day 28, the corresponding HRs were 0.74 (95% CI 0.60-0.87) and 0.61 (95% CI 0.53-0.68). Thus, for patients at higher risk at baseline, C. difficile had a larger impact on their length of stay in hospital. Furthermore, the ratios increased the longer the patient remained in hospital. Thus, the relative impact of C. difficile on the length of stay decreased over time.
The median expected length of stay for patients with C. difficile, assuming they had not acquired the infection in hospital, was 10 days (Figure 1B) . Since the median time to discharge for patients with hospital-acquired C. difficile from Kaplan-Meier analysis was 16 days (Appendix 1), the median increase in length of stay attributed to C. difficile was 6 days.
Interpretation
Main findings
Hospital-acquired C. difficile significantly and independently prolongs the duration of a patient's stay in hospital. The impact of infection with C. difficile increases with baseline risk of death and diminishes as the overall length of stay increases. Although a formal cost analysis is beyond the scope of our study, the estimated total cost of caring for patients who acquire this organism in hospital is substantial.
Comparison with other studies
Previous studies examining the impact of C. difficile acquired in hospital on length of stay reported increases of one to three weeks. 2, 5, 6, 8, 25 These are likely overestimates, because C. difficile was not treated as a time-varying covariable. Such an approach incorrectly attributes length of stay before acquisition of C. difficile to C. difficile. To show the impact of not accounting for C. difficile as a time-varying covariable, we calculated the difference seen in median length of stay for patients with and without C. difficile to be 26 days.
Another notable difference in our analysis compared with those of previous studies is that we accounted for patients' risk of death upon ad mission to hospital using a validated, highly accurate index that incorporates clinical data. Accurately accounting for baseline risk of death is important, as the patients with the highest risk are more likely to have longer stays in hospital and are thus more likely to acquire C. difficile. 3 Finally, other studies have not evaluated the impact of baseline risk of death and length of stay in hospital on the risk of discharge from hospital. We found that the effect of C. difficile acquisition was greater among patients with high Note: CI = confidence interval, HR = hazard ratio. *A hazard ratio of less than one corresponds to an increased length of stay, whereas a hazard ratio of greater than one corresponds to a decreased length of stay.
baseline risk of death. This suggests that the most intensive efforts to reduce C. difficile should occur in units with patients who have the highest risk of death, such as in the intensive care unit and general medical wards. We also found that the relative effect of C. difficile acquisition decreased as length of stay increased. Although the relative impact decreases, the absolute effect remains large, given the longer time these patients remain in hospital irrespective of acquiring C. difficile.
Limitations
Our study's main limitation is that the ability to identify the presence and timing of C. difficile infections in clinical practice is imperfect. The sensitivity of assays for the C. difficile toxin is 55%, and their specificity is 99%. However, there is no accepted gold standard for laboratory diagnosis and toxin testing in the most common method. 26 In addition, the actual date and time at which C. difficile was acquired is likely earlier than the date/time of the positive test result (the date/time used in our study). Therefore, the time from acquisition to discharge for our cohort may be underestimated.
Our choice of primary outcome might be criticized because we censored patients at in -hospital death (i.e., we assumed that censoring is noninformative). We believe the impact of informative censoring to be negligible for two reasons: only 6.0% of the admissions to hospital were censored owing to death, and our analyses were ad justed for covariables shown to be associated with risk of in-hospital death.
A further limitation was our inability to account for the strain of C. difficile with which patients were infected. Our institution does not routinely perform strain analysis on isolates of C. difficile.
Finally, the source of data used in this study includes information for our hospital only. We could therefore not study the broader societal im pacts of hospital-acquired C. difficile.
Conclusion
We found that the impact of hospital-acquired C. difficile on length of stay is more conservative than previous estimates have suggested. Nevertheless, the impact remains large, especially when one considers the aggregated impact. Future studies should incorporate a formal cost analysis and measure patient outcomes from a broader perspective.
